Spinal evoked potentials from peripheral nerve stimulation have been studied in man by Liberson et al. (1963 Liberson et al. ( , 1966 and recently by Cracco (1973) using surface recording, and by Shimoji et al. (1971) recording epidurally and intrathecally.
SYNOPSIS In 22 subjects, including normal subjects and patients with radicular or spinal cord lesions, the authors studied the spinal evoked responses recorded extradurally after stimulating mixed limb nerves. The responses obtained are discussed with particular reference to the clinical value of the changes in amplitude and latency of the spinal evoked potential with particular lesions.
Spinal evoked potentials from peripheral nerve stimulation have been studied in man by Liberson et al. (1963 Liberson et al. ( , 1966 and recently by Cracco (1973) using surface recording, and by Shimoji et al. (1971) recording epidurally and intrathecally.
The purpose of this paper is to describe the results we obtained with needle recording using a superimposing or averaging technique with an analogue instrument which has 200 ordinates. The outstanding features of our technique, we believe, are its rapid execution, the fact that it is well tolerated by patients, and its ease of use in clinical practice.
METHOD
The evoked action potential was recorded from the epidural space at the cervical or dorsal level using a flexible Teflon cannula that measured 1.2 mm in diameter and was equipped with a hollow steel stylet 1 mm in diameter projecting 2.2 mm from the end of the cannula; it was the stigmatic pole of the recording system. The needle was inserted manually into the intervertebral space along the median plane under radiological image intensifier control with lateral and sagittal projections; it was withdrawn a few millimetres after the appearance of the first drops of cerebrospinal fluid (Fig. 1) . The (Fig. 2) or 5 to 10 signals in exponential function.
In certain favourable cases, when the paravertebral muscles were relaxed the potential was easily obtained using a single superimposing technique on the storage oscilloscope (Fig. 3) .
The EMG artefacts, which were also analysed by averaging, had no major effect on the latency (measured to first negative peak) or shape of the evoked response, as shown by recordings performed before and after curarisation (Fig. 4) . Amplitude was measured peak to peak.
Stimulation was carried out by bipolar surface electrodes applied over the popliteal nerves for recordings from the dorsal cord, and over the nerves at the wrist for cervical recordings. The popliteal, median, and at times the ulnar nerve were stimulated on both sides with square wave electric stimuli lasting 50-100 ,ts from two Medelec NS6 and NT6 stimulators which also triggered the oscilloscope beam. In some cases the nerves were also stimulated synchronously on both sides.
Bilateral stimulation produced a response with clearer resolution but the amplitude was not markedly different from the unilateral spinal evoked potential in normal subjects, never more than 5-7 % greater than the unilaterally evoked potential (Fig. 5 The mean amplitude (±SE) of the evoked potentials was 9.0+1.0 ,uV; the mean latency was 9.6±0.4 ms. The propagation velocity, in relation to the mean distances between stimulation and recording points (67.5±1.2 cm) was 70.3±3.8 m/s (Table 1 ). The evoked potentials under basal conditions and curarisation did not prove to be significantly different in three cases.
The above results do not include the responses obtained in a subject at C4-C5 intervertebral level with stimulation of the median nerve at the elbow. A 3.0 ,tV action potential was obtained from the right arm and 2.5 ,uV from the left at 5.5 ms latency; 78 and 80 m/s propagation velocity respectively.
At the thoracic level we studied two normal Table 2 . The amplitude, invariably lower on the impaired side, proved to be the most significant parameter. No significant differences were observed between the two sides for the latency and the shape of the potential.
In a case of acute radiculitis it was possible to pinpoint the proximal location of the lesion on the basis of the parameters of the median nerve sensory nerve action potential with stimulation at the axilla and at the wrist (Fig. 6) . In a case of limb-girdle neurogenic muscular atrophy of the right arm with hypaesthesia in the C8-Tl territory, we did not obtain a spinal evoked potential by stimulating the right ulnar nerve and recording from C4-C5 interspace, whereas a response of 3.0 1.V and of normal latency was found on the contralateral side (Fig. 7) . The parameters of the right ulnar sensory nerve action potential at the wrist and the elbow were normal. (Fig. 8) .
SPINAL CORD LESIONS (
2. In the patient with ascending flaccid tetraparesis, the study at two levels, LI-L2 and T6-T7 interspaces, showed no evoked response with stimulation of the popliteal nerves.
3. In the patient with cervical spondylotic myelopathy without a definite sensory level, recording at the level of C4-C5 intervertebral space with stimulation of the median nerve at the wrist produced a spinal evoked potential of 17 ,iV amplitude from the right and 16 ,uV from the left with 9.5 ms latency bilaterally (73.5 m/s). Stimulating the ulnar nerve at the wrist we obtained a spinal evoked potential of 8.0 ,V amplitude from the right and 7.0 ,uV from the left with 10.5 ms latency on both sides (66 m/s). Stimulating the popliteal nerves bilaterally and recording from C4-C5 and from T8-T9 intervertebral spaces we failed to obtain a response.
4. In the patient with Pott's disease at C3-C5 vertebrae, recording from C4-C5 interspace and simulating the median nerve, the spinal evoked potential was 8.0 ,uV amplitude from the right and 7.5 ,uV from the left with 8.0 ms latency bilaterally. The and a propagation velocity of 62.5 and 65.5 m/s respectively. In the case of cervical hydromyelia, recording at C6-C7 intervertebral space and stimulating the median nerve at both the right and left wrist, we could not obtain a spinal evoked potential. 5. In the group of 'systemic' myelopathies, the responses obtained with single and double stimulation from T7-T8 intervertebral space in a case of multiple sclerosis were 1.5 and 3.3 ,uV respectively, markedly less than our normal thoracic values, with 10 ms latency at 72.5 cm distance; in a case of Recklinghausen's disease the responses were 14 and 15 ,tV respectively with 7.0 and 6.0 ms latency at 63 cm distance, not significantly different from normal.
In the patient with the Erb-Charcot paraparesis (Fig. 9) , however, bilateral stimulation evoked a response with an amplitude twice (7.0 juV) that with unilateral stimulation (4.0 ,uV) at the cervical, 10 [V and 4.0 MV respectively at the thoracic level; with 10-11 ms of latency (68-65 cm), and 59-68 m/s propagation velocity cervically and 6 to 10 ms (63-72 cm) and 72-100 m/s propagation velocity dorsally.
DISCUSSION
The spinal evoked potential observed with extradural recordings in our normal subjects proved to be easily measurable, unlike the surface recording by Cracco (1973) , and even in some cases (when the degree of muscular relaxation permitted) without averaging techniques. They also appear to be more easily differentiated from the noise level than those obtained by Shimoji et al. (1971) with a similar technique to our own. In almost all cases the shape proved to be a simple triphasic potential in which the initial rise was never larger than 1.0 juV and negative in polarity. In Cracco (1973) .
The nature of the spinal evoked potential has been thoroughly analysed recently by Happel et al. (1975) in the cat. From our studies we accept the suggestion that the first part of the spinal evoked potential may be cutaneous in origin but we believe that at least 60o% of the potential is produced by components from the spinal afferent pathways because of the gross reduction in the amplitude in the cases of transverse spinal cord lesions. Polyphasic long latency late components as described by Happel et al. (1975) were not observed in our responses, presumably because of the low power analysis of the analogue unit employed by us.
For better clinical evaluation of changes in the spinal evoked potential, we compared the potential from the healthy side with that from the impaired limb in our cases of unilateral root lesions. In these cases the amplitude of the spinal evoked potential was the only parameter significantly changed on the side of the radicular impairment, at both cervical and thoracic levels, while the propagation velocity of the response of the still excitable fibres (probably cutaneous) was never found to change significantly. In some cases the evoked potential was studied at peripheral points in addition to the epidural one, and it was possible to 'circumscribe' the lesion in the extraspinal pathways and in certain cases to confirm the proximal level of the lesion without involvement below Erb's point on the brachial plexus. In these cases the reduction or abolition of the spinal evoked potential confirmed the amplitude to be the parameter of most clinical value.
Within the group of myelopathy cases, it was interesting to compare those with a massive involvement (inflammatory) of the spinal cord, 
